Recent amino acid sequence data suggest that trypsin-like and carboxypeptidase B-like activities are required for the processing of pituitary prohormones-e.g., pro-opiocortin (pro-adrenocorticotropin/lipotropin) and provasopressin in secretory granules. In this study the existence of a carboxypeptidase B activity in purified secretory granules from anterior, intermediate, and neural lobes of rat pituitary has been examined. A carboxypeptidase B activity that cleaved the COOH-terminal -Lys-Lys-Arg residues from the adrenocorticotropin fragment ACTH-(1-17) (a potential hormone product liberated from pro-opiocortin by a trypsin-like enzyme) was detected in anterior and intermediate lobe granules. A similar carboxypeptidase B activity was also present in purified secretory granules from rat pituitary neural lobes that The carboxypeptidase B in secretory granules from all three lobes was shown to be active at pH 5.5, but not at pH 7.4. Inhibition by the zinc metallocarboxypeptidase inhibitors guanidinopropylsuccinic acid, aminomercaptosuccinic acid, benzylsuccinic acid, 2-mercaptomethyl-3-guanidinoethylthiopropanoic acid, and the potato carboxypeptidase B inhibitor, and inhibition by the metal chelators EDTA and 1,10-phenanthroline demonstrate metal ion dependence of the pituitary granule carboxypeptidase activities. However, Co2+ stimulated the secretory granule carboxypeptidase B activities. Thiol protease inhibitors such as Cu + and p-chloromercuriphenylsulfonic acid also inhibited the activity. Thus, the secretory granule carboxypeptidase B-like activities in all three lobes of the pituitary appear to be similar thiol-metallopeptidases that differ from other carboxypeptidase activities previously described and may play an exclusive role in hormone biosynthesis in the pituitary.
used as a model substrate for the quantitative assay of pituitary carboxypeptidase activity. The carboxypeptidase B in secretory granules from all three lobes was shown to be active at pH 5.5, but not at pH 7.4. Inhibition by the zinc metallocarboxypeptidase inhibitors guanidinopropylsuccinic acid, aminomercaptosuccinic acid, benzylsuccinic acid, 2-mercaptomethyl-3-guanidinoethylthiopropanoic acid, and the potato carboxypeptidase B inhibitor, and inhibition by the metal chelators EDTA and 1,10-phenanthroline demonstrate metal ion dependence of the pituitary granule carboxypeptidase activities. However, Co2+ stimulated the secretory granule carboxypeptidase B activities. Thiol protease inhibitors such as Cu + and p-chloromercuriphenylsulfonic acid also inhibited the activity. Thus, the secretory granule carboxypeptidase B-like activities in all three lobes of the pituitary appear to be similar thiol-metallopeptidases that differ from other carboxypeptidase activities previously described and may play an exclusive role in hormone biosynthesis in the pituitary.
Studies on the biosynthesis of peptide hormones have shown that they are initially synthesized as part of larger inactive polypeptide prohormones. Limited proteolysis of the prohormone must occur to yield the biologically active hormone. Within the cell, the prohormone is first synthesized at the rough endoplasmic reticulum (RER) and then inserted into the RER cisternae, similar to other proteins destined for secretion (1) . It is subsequently routed to the Golgi apparatus, where it is packaged into secretory granules (2) (3) (4) . Limited proteolysis of the prohormone is thought to occur within the granule (2) (3) (4) , which later undergoes exocytosis to release the active hormone products to the extracellular environment.
Analysis of the amino acid sequences of the prohormone precursors for adrenocorticotropin/lipotropin (ACTH/LPH; pro-opiocortin) (5) , [Arg8] vasopressin (provasopressin) (6) , and others (7) (8) (9) (10) have revealed that multiple hormones and peptides may be cleaved from these precursors. The hormone(s) or peptide sequences within the precursor are characteristically flanked at their NH2 and COOH termini by pairs of basic amino acids (lysine, arginine). It has, therefore, been proposed that a multi-step process requiring different proteases may be involved in processing. Initially, a trypsin-like enzyme that cleaves either between or on the carboxyl terminal side of the paired basic amino acid residues of the prohormone could liberate peptide hormone(s) extended at the carboxyl terminus with lysine or arginine. A carboxypeptidase B-like enzyme could then cleave the COOH-terminal lysine and arginine residues from these peptides to yield the final hormones. If the initial cleavage occurs between the paired basic residues, an aminopeptidase may also be involved to remove the NH2-terminal basic residue extension from the cleaved peptides.
Thus far, little is known about the prohormone proteolytic processing enzymes. Studies on such enzymes would give a better understanding about how a cell regulates the specific cleavage of a large prohormone to produce biologically active peptide product(s). On the basis of the hypothesis that trypsin-like and carboxypeptidase B-like activities are required for prohormone processing, we have begun to search for such enzymes in secretory granules, where processing is thought to occur. Recent studies have demonstrated the existence of a unique "trypsin-like" protease in the secretory granules of rat and bovine pituitary anterior and intermediate lobes. This enzyme appears to be specific for the paired basic residues of the prohormone, pro-opiocortin, synthesized by these lobes (11) (12) (13) . Likewise, a similar enzyme activity, found in bovine neural lobe secretory granules, cleaves the endogenous prohormone, provasopressin (ref. 12 and unpublished data).
In this study, we report the presence of a carboxypeptidase B-like activity in anterior and intermediate lobe secretory granules that cleaved the COOH-terminal -Lys-Lys-Arg basic residues from ACTH-(1-17) to produce ACTH- (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) When ACTH-(1-17) or AVP-GLA was incubated with pancreatic carboxypeptidase B (Sigma), potassium phosphate buffer of pH 7.4 instead of pH 5.5 was used.
High-Voltage Electrophoresis. Samples (5-10 ,1) in 10% acetic and 90% ethanol were spotted on cellulose thin-layer chromatography plates (Analtech, Newark, DE). The highvoltage electrophoresis buffer contained formic acid/acetic acid/water (20/80/900, vol/vol), pH 2, and electrophoresis was at 900 V until the methyl green marker had migrated 13 cm from the origin. Peptides were visualized by the fluorescamine method (16) .
Carboxypeptidase Assay for the Conversion of 125I-[MetJ-
Arg6 (Peninsula Laboratories) was iodinated by the chloramine-T method (17) and the carboxypeptidase assay was carried out as described (18 1-14). On the basis of their charge differences, it should be possible to separate these peptides by high-voltage electrophoresis. Incubation of ACTH-(1-17) with purified pancreatic carboxypeptidase B (2 ,ug) resulted in the formation of three fluorescamine-labeled spots, which migrated with standard ACTH-(1-14), lysine, and arginine (Fig. 1, lane 6 ). Pancreatic carboxypeptidase B at a lower concentration (1 ug) converted ACTH-(1-17) to two products which migrated at intermediate positions between standard ACTH-(1-17) and ACTH-(1-14) (Fig. 1, lane 5) . Because sequential cleavage of the -Lys-Lys-Arg residues from ACTH-(1-17) should result in peptides with progressively less charge, ACTH-(1-16) and ACTH-(1-15) would be expected to migrate between ACTH-(1-17) and ACTH-(1-14) during high-voltage electrophoresis. Thus, the three peptides formed from ACTH- (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) by pancreatic carboxypeptidase B (1 ,g) are most likely to be ACTH-(1-16), ACTH-(1-15), and ACTH- (1-14) .
Incubation of ACTH-(1-17) with lysed secretory granules from rat anterior pituitary resulted in the formation of peptide products that migrated with those formed by pancreatic carboxypeptidase B (Fig. 1) . When ACTH-(1-17) was incubated for 1 hr with a 2-,ul sample of lysed anterior pituitary granules, two fluorescamine-labeled spots that migrated with ACTH-(1-17) and ACTH-(1-16) were formed (Fig. 1,  lane 7) . When ACTH-(1-17) was incubated with a larger amount of enzyme (10 ,l) , three fluorescamine-labeled spots were present that migrated with ACTH-(1-16), ACTH-(1-15), and ACTH-(1-14) standards (Fig. 1, lane 8) .
Incubation of ACTH-(1-17) with lysed secretory granules from intermediate lobe (10 ,ud) resulted in the formation of a fluorescamine-labeled spot that migrated with ACTH-(1-15) and ACTH-(1-14) (Fig. 1, lane 9) . Although this spot was not clearly seen as two separate products, its migration with ACTH-(1-15) and ACTH- (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) suggests that it may be composed of these two peptides. When ACTH-(1-17) was incubated with a greater amount of lysed intermediate lobe secretory granules, a spot migrating at the position of ACTH- (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) was formed (Fig. 1, lane 10 Carboxypeptidase activity in neural lobe secretory granules was demonstrated by following the removal of COOHterminal basic residues from AVP-GLA (Fig. 2) . AVP-GL and AVP-G, predicted products of carboxypeptidase B cleavage of AVP-GLA, should be less charged than the substrate AVP-GLA. These peptides should be separable by high-voltage electrophoresis. Purified pancreatic carboxypeptidase B converted AVP-GLA to two new fluorescamine-labeled products identified as AVP-GL and AVP-G on the basis of their charge differences (Fig. 2, lane 5) . Incubation with a larger amount of pancreatic carboxypeptidase B resulted in a spot corresponding to AVP-G and two spots that ran with the amino acids lysine and arginine (Fig. 2, lane  6) . Lysed neural lobe secretory granules (2 dul) converted AVP-GLA to a product that migrated with one produced by (Fig. 2, lane 7) . Incubation of AVP-GLA with a larger sample of neural lobe granules (10 Ald) produced two spots that migrated with AVP-GL and AVP-G (Fig. 2, lane 8 (Fig. 3) . In addition, 1251-[Met]enkephalin-Lys6 was also converted to 1251_
[Met]enkephalin (data not shown). No carboxypeptidase activity in any of the granule fractions was found at pH 7.5.
To determine whether the carboxypeptidase activity in secretory granules of rat pituitary is similar to other known carboxypeptidases, the effect of peptidase inhibitors was examined ( Table 2) . Inhibitors of zinc metallopeptidases GPSA, APMSA, BzlSA, MGTA (20) (21) (22) , and the carboxypeptidase inhibitor from potatoes (23) (26) had little or no effect on the carboxypeptidase activity. To differentiate the carboxypeptidase in granules from that in lysosomes, the effect of protease inhibitors and divalent cations on lysosomal carboxypeptidase(s) was studied (Table 2 ). Fraction 11 from the discontinuous sucrose density gradient of P111 (refs. 11 and 13 and Methods and Materials) possessed the greatest amount of /3-glucuronidase activity (lysosomal marker) and was used to examine lysosomal carboxypeptidase activity. The potato carboxypeptidase inhibitor and BzlSA inhibited granular carboxypeptidase but had no effect on lysosomal carboxypeptidase. The cations Ca2", Mg2+, Mn2+, and Ni2+ inhibited lysosomal carboxypeptidase activity but had no effect on the activity in granules. Co2+ had no effect on lysosome activity but stimulated the activity in granules. Phenylmethylsulfonyl fluoride inhibited lysosomal carboxypeptidase more than that in secretory granules. Like the granular carboxypeptidase, the lysosomal enzyme activities were inhibited by the metal ion chelators EDTA and 1,10-phenanthroline and the thiol protease inhibitors PCMPSA and Cu2+. DISCUSSION Several criteria should be met for a peptidase to be relevant in the processing of a particular hormone. The processing enzyme should be present in granules where hormone processing is thought to occur, it should function at the intragranular pH, and, finally, it should cleave the endogenous hormone precursor appropriately. Carboxypeptidase activity has been demonstrated in pituitary secretory granules and was active at pH 5.5, consistent with the intragranular pH of 5.0-5.8 (27) (28) (29) .
The peptides ACTH- (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) and AVP-GLA are expected products resulting from the cleavage of pro-opiocortin and provasopressin, respectively, by the trypsin-like converting enzyme (11) (12) (13) . Hence, these two peptides were chosen as representative endogenous substrates for examining the specificity of the pituitary granule carboxypeptidase. The carboxypeptidase activity in secretory granule lysates of anterior and intermediate lobes, which synthesize pro-opiocortin, sequentially cleaved the COOH-terminal -Lys-Lys-Arg residues of ACTH-(1-17) to form ACTH- (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) . Carboxypeptidase activity from secretory granules of neural lobe cleaved Lys-Arg residues from AVP-GLA. Thus, the carboxypeptidase Blike activity detected in pituitary secretory granules fulfills the criteria outlined and may be involved in 
